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Space Weather and Earth’s influence 

Space weather is a program to observe, assess, and 

forecast the space environment, which is very 

important for constant operation of satellite systems 

and reliable communication / navigation purposes. 

Not only the study of the Sun-to-Earth system, but also 

studies of vertical coupling of the atmosphere / 

ionosphere is important. Regional observations 

(especially in the low latitudes) are thus necessary.  

Noisy data transform from 

meteorological satellites 

only occurs over Asia.  

Satellite signal is scintillated  

by the disturbance of the 

ionosphere.  
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Space weather: study of 

near-Earth space 

environment 

Ionosphere is the height range 

for ISS and Space Shuttle 



Atmosphere waves generated by convection activities 

Stratosphere (19-

26km) wave energy  

June – August, 2004 

Dec. 2004 – Feb. 2005 

Tropopause  

(-15km) cloud-

top temperature 

対流圏内の活発な積雲対
流と成層圏の大気波動の
活動度増大が一致する 

対流圏の積雲対流の増
大につれて、成層圏の大
気波動の活動度が増大す
る。 

この関係は季節に寄ら
ず成り立つ。 

対流圏の積雲対流の増
大につれて、成層圏の大
気波動の活動度が増大す
る。 

この関係は季節に寄ら
ず成り立つ。 

Convection in the 

troposphere and 

atmospheric waves in the 

stratosphere are well 

correlate. 



Zonal wind: Radiosonde at Singapore 

Zonal wind: MF radar in Tirunelveli, India 

Quasi Biannial Oci.（QBO） 

Semiannual Osci.（SAO） 

Stratospheric QBO and mesospheric SAO show 

intensive correlation  
(another vertical coupling with atmospheric waves) 

Mesosphere 86-94km 

Stratosphere 20-40km 



Atmospheric 

density at 

400km 

altitutde

Distribution 

of land/sea

Effect of lower atmosphere 

to the region of space weather

○Atmospheric density at satellite height show latitudinal patter that 

resembles to the Earth’s land/sea distribution

Regional study is important in the space weather studies.

○South of Japan and Jakarta are in similar geomagnetic latitudes.

Okinawa (Japan)

Lat.: 26N

Mag. Lat.: 16N

Jakarta

(Indonesia)

Lat.: 6S

Mag. Lat.: 16S
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Piura 

Jicamarca 

MU 

EAR 

Gadanki 

Trivandrum 

※EAR: Equatorial Atmosphere Radar 

             (located right at the geographic  

             equator and in the geomagnetic  

             southern hemisphere) 

dip equator 
ALTAIR 

VHF Radars in the Low-Latitude Region 



Jicamarca radar in Peru 



Located at Kototabang,  

West Sumatra,  

Indonesia 

(0.20°S, 100.32°E) 

Operated since 2001 

under close 

collaboration between 

RISH and LAPAN 

Equatorial Atmosphere Radar (EAR) 

Antenna field (110m in diameter) 

47MHz, 100 kW, 560 Yagi antennas 



F-region dynamo in evening 

Neutral wind in the evening is 

naturally eastward (with large 

variability). This sets 

positive/negative charges at the 

top/bottom side of F-region. 

(Governing condition is Jz = 0) 



Vertical drift of equatorial ionosphere 



Pre-reversal enhancement (PRE) 

/Post sunset rise (PSR) 

mechanism 



1st topic: Equatorial Spread-F (ESF) 
Jicamarca VHF radar obs. 



F-region Field Aligned Irregularity (FAI) Echoes  

from the EAR 
Altitude-Time Intensity (ATI) plot 

Intense FAI echoes associated 

with plasma bubbles were 

observed from the EAR 

southward beam soon after the 

F-region sunset. Maximum 

altitude of the echoes reached 

800 km. 

S. Fukao, Y. Ozawa, T. Yokoyama, M. 

Yamamoto, and R. T. Tsunoda,  

J. Geophys. Res., 109, A02304, 

2004. 



Kototabang (EAR) 

March 18, 2011 

Ionogram 

Radar echo 

Spread F-layer 

trace: ESF 

at local time 9PM 



ESF occurrence just after the sunset 
(EAR results from Fukao et al., 2004) 



EAR Multiple Beam Observation of ESF 

Growing FAI 

Terminator 

SOUTH 

EAST 

WEST 

Eastward propagation 

of FAI echoing region 

is clearly seen. 

Growing FAIs were 

detected in the 

observation region with 

11 beam directions. 



Motion of zonal structure of plasma bubbles 

observed by EAR 



ESF and density depletion 



Dynamic spectrum of ESF density 



Plasma Bubbles Observed with Airglow Imagers 

at Conjugate Points 

Observation by Prof. Ogawa group 

STE Lab., Nagoya Univ. 

Darwin Sata 

Magnetic 
Equator 

Plasma 
Bubble 

Sata Darwin 

November 12, 2001 

Count Count 

Otsuka, Y., K. Shiokawa, T. Ogawa, and P. Wilkinson, 

Geophys. Res. Lett., 29(15), 10.1029/2002GL015347, 2002. 

Shiokawa, K., Y. Otsuka, T. Ogawa, and P. Wilkinson,  

Ann. Geophysicae, in press, 2004. 

Sata 

EAR site 
Imager 
Photometer 
GPS receiver 

Imager 
 

Magnetic 
Equator 

Darwin 
Imager 
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Equatorial Spread-F (ESF) 

– Local density-depleted regions at the bottomside of the 
ionosphere develop and rapidly move upward to the topside 
of the ionosphere. 

– Rayleigh-Taylor instability is the mechanism. 

– ESF occurs mainly near F-region sunset over the magnetic 
equator. 

– Meridionally elongated structure along the field line. 

– Accompanied with small-scale irregularities that are 
detectable by VHF radars. 

Development of plasma bubbles Meridional structure of plasma bubbles 

Density: high 

Density: low 

Geomagnetic field 

Mag. EQ 

Plasma bubble 

Ionosophere 

100 km 

1000 km 



Concept of Rayleigh-Taylor instability 



Theory of ESF 

• ESF is considered as Rayleigh-Taylor instability 

occurring at the bottomside of the F-region. 

Governing equations are, 

 

 

 

 

 

where n, t , V, are density, time, and velocity vector.  

J=Vi - Ve is current vector.  

• Generation of the polarization electric field E’ is 

essential for stability of the plasma.  
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Theory of ESF 
• Linear growth rate of R-T instability is then, 

 

 

 

where  

 

 

 

R-T instability is unstable by gravity (term 1) and ambient 

eastward electric field (term 2).  

• Term 1 shows that small collision (= high ionosphere) is 

favorable for the instability. 

• Term 2 shows that electric field by storm initiates ESF. 

• R-T instability may be generated by eastward or downward 

component of the neutral wind. 
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Occurrence and variability of ESF 

Fukao et al., 2006 

ESFs mainly occur after the local sunset preiod. This is 

explained by post-sunset rise (PSR, or pre-reversal 

enhancement (PRE)) that is the electromagnetic behavior 

of the ionosphere at the sunset terminator. If so, why   

ESF show large day-to-day variability. Large-Scale Wave 

Structure (LSWS) is considered as a key to this problem. 



LSWS measured with 630nm imager 
(Makela et al, GRL, 2010) 



2nd topic: instabilities in the Equatorial 

electrojet (or E-region) 



FAI in the electrojet (Type 1) 
Jicamarca VHF radar obs. 



FAI in the electrojet (Type 2) 
Jicamarca VHF radar obs. 



Figure title 



Doppler shift of electrojet FAI echoes 



Rocket experiment of electrojet FAI 



Linear theory of the E-region FAI (1) 
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Linear theory of E-region FAI (Fejer, et al., 1975) 

Growth rate 

 

where  

 

 

 

From this we can infer two instabilities of two kinds. 

1) Two-stream instability (related term 1 = Type 1) occurs when electrons 

run through ions at faster speed than the sound speed, 

 

This occurs mainly in the electrojet or limited conditions where intense 

ambient electric field apply. Radar echo show Doppler frequency   
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Linear theory of the E-region FAI (2) 
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2) Gradient-drift instability (related term 2 = Type 2) occurs when intense 

density gradient exists and some electric field (or neutral wind) is 

applied. Radar echo shows following Doppler shift of  

 

 

 

where         is neutral wind component perpendicular to the geomagentic 

field. As       is negligible (~0) above around 100km, FAI echoes show 

ExB drift of plasma in the region. Below 100km consideration of the 

neutral atmosphere is necessary. 

U





Linear theory of the E-region FAI (3) 

Two-stream instability 

Gradient-drift instability 



Earlier observations with the MU radar (Shigaraki, Japan) 

Mid-latitude E-region FAI 

Yamamoto et al., 1991 

Intense echoes after 

sunset period  

Quasi-Periodic Echo 

Weak echo after sunrise 

Continuous echo 



38 

Close-up of evening echoes 

Yamamoto et al., 1991 

Mid-latitude E-region FAI 

Earlier observations with the MU radar (Shigaraki, Japan) 
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Horizontal structure of mid-latitude E-region FAI 

MU radar + Frequency Agile Radar simultaneous obs. 

Yamamoto et al., 1997 



40 

F-region Medium-Scale Traveling 

Ionospheric Disturbance (MSTID) 

GPS-TEC over Japan Red airglow (630nm) over Japan 



Summary 
• Ionosphere Irregularity 

– Irregularities are driven by polarization electric filed that 

arises from plasma-density variation & current continuity. 

– Large range of scales: several meters to 100km. 

• ESF or plasma bubble 

– Occur after equatorial F-region sunset. Also generated by 

magnetic storms 

– Understood by R-T instability, but seeding mechanism is 

not fully understood. 

• E-region FAI 

– Type 1 and 2 instabilities are well known. Type 2 are seen 

in the mid-latitude region. 

• Coupling with the neutral atmosphere 

– Vertical coupling of the Earth’s atmosphere is important. 



 



Equatorial electrojet 



Figure title 



Figure title 



E-region FAI experiment with MU radar 

QP echoes (several minutes) appear after summer sunset period. 

Echo enhancements look to have slower variation of about ~1 hour. 

Yamamoto et al., 1991 



Location: 

Kototabang,  

West Sumatra,  

Indonesia 

(0.20°S, 100.32°E) 

Equatorial Atmosphere Radar (EAR) 

Antenna field (110m in diameter) 

100 kW, 560 Yagi antennas 



Interactions between the Lower and Upper 

Atmosphere over the Equatorial Region 

The equatorial atmosphere featured by :  
Maximum input of solar radiation 

Minimum Coriolis effect 

Horizontal geomagnetic field 

Troposphere 

Stratosphere 

Mesosphere 

Thermosphere/ 

Ionosphere 



Temperature profile Meridional Atmospheric Motions 

Troposphere 

Mesosphere 
Stratosphere 

Thermosphere/ 
Ionosphere 

Interactions between the Lower and Upper  

Atmosphere over the Equatorial Region 



EAR long-period experiment 

EAR continues long-

period continuous 

observations since June 

2001. Most of them were 

for wind measurement of 

the troposphere and 

stratosphere. 

 

From July 2010, we shift 

the observation mode to 

more ionosphere studies 

owing to the current 

research program of 

“Indonesia Space 

Weather” 

Wind measurement 

Continuous ionosphere measurement started in July 2010 



Tsunoda et al, 2005 

Large Scale Wave Structure (LSWS) 

LSWS: Zonal structure of ionosphere with wavelength of ~500km 

 Show good correlation with ESF event 

○ Plasma irregularity is proposed to support growth of LSWS. 

○ Observations are still very limited. 



Longitudinal distribution of ESF 

Case study on March 24, 2004 

Average： 690 km (S.D.： 180 km) 

Minimum： 370 km 

Maximum： 1000 km 

Possible modulation of ESF  

owing to gravity waves. 

 

 

Distance： ~ 500 km in average 

Spatial interval between ESF A-D 

Four regions of ESF (A、B、C、D) were 

observed during 20-0 LT 

Typical interval  

between ESF clusters (16 cases) 

Fukao et al., 2006 



Onset time and altitude range of ESF echoes 

19 out of ～80 plumes were born within the fan sector 

Onset time 
  local sunset   apex sunset 

Yokoyama et al., 2004 


